The objective of this study was to evaluate an indirect microimmunofluorescence test (IMIF) for detection of Chlamydial antibodies in serum and/or thoracic fluids of aborted ovine fetuses. One hundred eightytwo ovine fetuses, including 64 fetuses from 40 ewes that were experimentally infected with an ovine abortion strain of Chlamydia psittaci at gestation days 90-100, 10 fetuses from 6 normal ewes, and 108 fetuses selected from those received at the Iowa Veterinary Diagnostic Laboratory, were evaluated in this study. Fetuses from experimentally infected ewes were examined 4-60 days after inoculation. The IMIF findings were compared with the results of complement fixation serology for Chlamydiae and concentrations of immunoglobulin (IgG). Chlamydiae-specific antibodies were detected by IMIF in 28 of 38 fetuses infected with C. psittaci. Elevated levels of IgG and IMIF titers ≥ 1:8 were consistent findings in ovine fetuses infected with Chlamydiae for more than 24 days. IgG levels and titers of Chlamydial antibodies increased with maturity of the fetus and duration of Chlamydial infection. Chlamydial antibodies were not detected with the complement fixation test. Fluids from ovine fetuses aborted as a result of other causes also were examined, and IMIF results were negative. The results of this study indicate that the IMIF is a useful and relatively rapid test for identification of Chlamydial antibodies in ovine fetuses. the National Animal Disease Center, in days 90-100 of ges-Iowa State University, Ames, IA 50011, and the US Department of tation. These ewes were seronegative to Chlamydiae with a Agriculture, Agricultural Research Service, National Animal Disease complement fixation test, and inoculations were made in-Center, Box 70, Ames, IA 50010 (Andersen). travenously. The inoculum was prepared from tissue culture harvest suspended in sucrose phosphate glutamate buffer. 35 315
Ruminant fetuses can respond immunologically to
Chlamydial abortion, which is caused by fetal ina wide variety of antigens. 13, 26, 27, 33, 34 This capability fection with ovine strains of Chlamydia psittaci, is an varies with the age of the fetus, the antigen, and the important cause of reproductive failure in route of antigen exposure. 33, 34 Fetal sheep challenged sheep. 1, 4, 8, 17, 21, 31, [37] [38] [39] Placental and fetal infections with after day 79 of gestation produce both IgM and IgG this gram-negative bacteria often results in abortion or immunoglobulins; synthesis of IgG lags IgM produc-the birth of stillborn or weak lambs. 27, 38, 39 Ovine fetuses tion by 6-14 days. 33 As the fetus matures, its ability infected with C. psittaci may produce chlamydiae-speto produce immunoglobulins with increased specificity cific antibodies that are not reactive in the standard is enhanced. 33, 34 Baseline IgG immunoglobulin levels complement fixation test but have been identified with in clinically normal unstimulated ovine fetuses range immunodiffusion, enzyme-linked immunosorbent asfrom 10 mg/dl at 77 days of gestation to 22 mg/dl at say, and immunoperoxidase procedures. 4, 38 birth. 33 The objective of this study was to evaluate an in-The presence of fetal antibodies specific for an in-direct microimmunofluorescence test (IMIF) for defectious agent provides evidence for prenatal infec-tection of Chlamydial antibodies in serum and/or thotion. 3, 5, 9, 20, 36 Several studies have shown that elevated IgG levels are present more commonly in aborted than racic fluids from aborted ovine fetuses. The IMIF has been used for serologic studies of Chlamydial infections in nonaborted fetuses. 11, 18, 23, 34, 32 It is generally accepted in humans and for immunologic classification of chlathat ovine fetal immunoglobulins result from endog-mydiae. 2, 6, 15, 28, 29, [40] [41] [42] [43] [44] enous synthesis 3,10,33 and that significant amounts of maternal antibody do not cross the placenta. 10,20 Serologic examination of ovine fetuses has been a very Materials and methods effective diagnostic tool, particularly for toxoplasmal Collection and handling of specimens abortion. 5, 9, 10, 16, [19] [20] [21] 25 One hundred eighty-two ovine fetuses were examined in this study. Sixty-four fetuses were collected from 40 pregnant From Searle, 4901 Seale Parkway, Skokie, IL 60077 (Sanderson) ewes that had received 10 6 inclusion-forming units of strain and the Veterinary Diagnostic Laboratory (Andrews, Janke, Larson, OSP of C. psittaci, an ovine abortion strain maintained at Schwartz) and the Department of Veterinary Pathology (Miller), Fetuses were collected and examined at selected times from 4 to 60 days postinoculation.
Ten late-term fetuses collected from 6 normal ewes and 108 ovine fetuses or fetal tissues selected (only ovine submissions that had fetal fluids or serum available for analysis) from those submitted to the Veterinary Diagnostic Laboratory at Iowa State University during the 1991-1992 and 1992-1993 lambing seasons also were included in this study. Each fetus was necropsied, and appropriate tissues were collected for bacteriology, dark-field microscopy of stomach contents, histopathology, fetal serology, and measurement of 1gG levels.
Fetal fluids. Heart blood or fluid from the thoracic cavity was withdrawn with a needle and syringe, placed in a tube, and centrifuged. The supernatant fluid was stored in a plastic tube at -20 C until tested.
Bacteriology. Stomach contents, lung, liver, and placenta (when available) were cultured aerobically and anaerobically on 5% bovine blood agar and Campylobacter agar;a bacterial isolates were identified by standard methods. 7 Stomach contents were examined by dark-field microscopy. When placental inflammation was identified, smears of cotyledons were stained by the Gimenez method and examined for the presence of Chlamydial elementary bodies. 14 Placental and fetal tissues were utilized for Chlamydial isolation in Vero cell culture in 96-well microtiter plates. Chlamydiae were identified with an indirect fluorescent antibody technique using an optimal dilution (1:2,000 in phosphatebuffered saline [PBS]) of genus-specific mouse monoclonal Chlamydial antibody and rabbit anti-mouse IgG b conjugated with fluorescein isothiocyanate at a dilution of 1:30 in 0.1 M PBS (pH 7.2). Plates were examined for specific fluorescence with a fluorescent microscope at 400 x magnification.
IgG determinations. Fetal thoracic fluids or sera were tested for IgG levels using a single radial immunodiffusion method. 12, 16, 22 Agarose (1%) in PBS (pH 7.2) containing goat antisheep IgG c (heavy and light chain) was melted and stabilized at 50 C. Melted agar was poured into immunodiffusion plates and allowed to harden for 60 min. After hardening, 3-mm wells were cut with a gel cutter. Five microliters of control and test sera/fluids were added to indicated wells, and covered plates were allowed to set undisturbed at room temperature for 18-20 hr. Dilutions of sheep IgG c (200, 100,20, 2 mg/dl) in PBS (pH 7.2) served as controls. Precipitin rings were directly measured, and a standard curve (ring diameters [x-axis] vs. their known concentration on semilog graph paper) was constructed using the diluted control values. The IgG concentration of test samples was determined by reading against the standard curve.
Serology
Indirect microimmunofluorescence test. The IMIF for Chlamydial antibodies was performed as previously described. 2, [40] [41] [42] [43] The Chlamydial antigen was placed in 0.4 µl dots on acid-alcohol-cleaned standard microscope slides and allowed to air dry for 30 min. Antigen dots were placed on the slide in a pattern of four rows containing seven dots spaced at 5 mm. The slides were then fixed with acetone for 10 min and air dried. Test sera were diluted 2-fold serially from 1:4 to 1:1,024 with PBS (pH 7.2) in 96-well microplates.
Two microliters of serum at the proper dilution was added to each dot, and the slides were incubated for 30 min in a humidified chamber at 37 C. The slides were then carefully washed 4 times with PBS (pH 7.2) and 4 times with distilled water and allowed to air dry. Four microliters of rabbit antisheep IgG d conjugated with fluorescein isothiocyanate (1:15 dilution in PBS) containing 0.5% Evans blue were added to each dot, and slides were incubated in a humidified chamber at 37 C for 30 min. Following incubation, the slides were washed as described above and examined with fluorescent microscope at 400-600 x magnification. IMIF titers were recorded as the highest serum dilutions with specific fluorescence. Negative and positive reference sera (IMIF titers < 1:4 and ≥ 1:256, respectively) were included in each test.
The Chlamydial antigen used in the IMIF test was from tissue culture harvest material that was prepared from Vero cell monolayers infected with an ovine abortion stain (OSP) of C. psittaci. The tissue culture medium and the disrupted tissue culture monolayer were suspended in PBS (pH 7.2) containing 0.02% formalin. This suspension was mixed with normal 10% yolk sac preparation and PBS (pH 7.2) at a ratio of 1:1:3 and thoroughly mixed with a vortex mixer. 44 Yolk sac suspension facilitated adhesion of Chlamydiae-infected cells to the glass slides. Additional PBS was added if samples contained too much yolk sac material for proper testing.
Complement fixation test. Fetal fluids/sera with concentrations of IgG >20 mg/dl were tested for antibodies to C. psittaci with a complement fixation test. e Latex agglutination test. Fetal fluids with concentrations of IgG ≥20 mg/dl were tested for antibodies to Toxoplasma gondii with a latex agglutination test. f
Results
One hundred eighty-two ovine fetuses were evaluated in this study. A summary of the causes of abortion, IgG levels in fetal fluids, and the number of fetuses in which Chlamydiae-specific antibodies were detected with the IMIF method is shown in Table 1 .
Chlamydial infection was diagnosed in 38 fetuses from 23 of 40 experimentally infected ewes. Infection was defined by isolation of C. psittaci in cell culture and/or demonstration of characteristic gross and microscopic placental lesions (necrotizing and suppurative placentitis with Chlamydiae demonstrated in Gimenez-stained placental smears and/or microscopic sections). Low numbers of Chlamydiae were isolated from placentomes collected from fetuses examined 4 and 10 days postinoculation (dpi), but no gross or microscopic abnormalities were observed. Mild placental inflammation was identified in 14 fetuses examined 14-30 dpi, and Chlamydiae were isolated from each placenta. Moderate to severe suppurative placentitis was diagnosed in 22 fetuses that were examined 30-60 dpi; high numbers of Chlamydiae were isolated from these placentas and various fetal tissues. Other microscopic changes included generalized lymphoid hyperplasia (17 of 38 fetuses), infiltrates of mononuclear No abnormalities were identified in 26 fetuses from 17 ewes experimentally infected with C. psittaci. Although these ewes seroconverted to C. psittaci (complement fixation titers of 1:40 ≥ 1:160) after inoculation, there was no evidence of fetal or placental infection. All laboratory tests were negative. Body fluids/sera from fetuses infected with chlamydiae contained increased concentrations of IgG ( = 90 mg/dl) (Table 1) . IgG levels in fluids from fetuses examined <24 dpi were not increased, whereas mildly elevated levels were presented in fluids from fetuses examined 24-30 dpi (Table 2) . High levels of IgG ( = 139 mg/dl; range, 65-300 mg/dl) were found in each of the 22 fetuses that were examined 31-60 dpi ( Table  2) . Several fetuses that were examined 45-60 dpi (140-150 days of gestation) had IgG levels that ranged from 250 to 300 mg/dl.
One hundred eight-two fetal thoracic fluids or sera were evaluated for Chlamydial antibodies with the IMIF test. Nonspecific (background) staining often was a problem in dilutions less than 1:8, particularly in fluids from autolyzed fetuses. Consequently, in this study IMIF titers ≥ 1:8 were considered positive. Chlamydiae-specific antibodies were identified in body fluids from each of 28 Chlamydiae-infected fetuses that were examined 24-60 dpi ( Table 2) . One fetus examined 24 dpi had a positive fluid with an IMIF titer of 1:8. Fluids from 5 of 5 Chlamydiae-infected fetuses that were examined 25-30 dpi had IMIF titers of 1:16-1:32. IMIF titers ≥ 1:64 were detected in fluids from 22 of 22 fetuses that were examined 31-60 dpi (Fig. 1 ). Nine fetuses that were examined 50-60 dpi had IMIF titers of 1:512-1:1,024. A comparison of the IgG levels in fetal fluids and IMIF titers in Chlamydiae-infected fetuses is shown in Table 3 . Chlamydial antibodies were not identified in body fluids of fetuses aborted as a result of other causes (Table 1) .
All fetal fluids with IgG levels ≥ 20 mg/dl were evaluated with a complement fixation test for Chlamydiae, and results were negative.
No abnormalities were identified in 10 fetuses collected from 6 normal control ewes. IgG levels in body fluids were 520 mg/dl.
Toxoplasmosis was diagnosed in 44 fetuses (Table  1) . Characteristic microscopic lesions, including multifocal placental necrosis and mineralization and/or multifocal necrotizing to granulomatous encephalitis, were identified in 32 fetuses. IgG concentrations in thoracic fluids and/or sera were markedly increased (Table 1) . Antibodies to T. gondii (titers ≥ 1:16) were identified in thoracic fluids/sera of 38 fetuses. In 8 fetuses, lesions characteristic of toxoplasmosis were not identified; however, the thoracic fluids contained elevated levels of IgG and antibodies specific for this organism. All other laboratory tests were negative, and Chlamydial antibodies were not detected with the IMIF test.
Campylobacter jejuni was isolated from 13 fetuses (Table 1) . Microscopic changes included suppurative placentitis, multifocal necrotizing hepatitis, and purulent bronchopneumonia. Thoracic fluids from 3 fetuses contained slightly increased levels of IgG (30-40 mg/dl), but Chlamydial and toxoplasmal serologic results were negative (Table 1) .
Abortion due to infection with other bacteria, in- cluding Salmonella arizonae, Pasteurella sp., Bacteonic trophoblasts were packed with slightly basophilic roides sp., and Actinomyces pyogenes, was diagnosed coccobacillary organisms that were < 1 µm. All other in 11 fetuses (Table 1) . These organisms were isolated laboratory tests, including immunohistochemical evalin relatively pure culture from multiple tissues, and uation of the placenta for Chlamydial antigen, were other laboratory examinations were negative. Micro-negative. scopic evaluation revealed a purulent placentitis and/ Fetal death due to dystocia and/or maternal illness or pneumonia. IgG levels in fetal fluids were <20 mg/ (i.e., pregnancy toxemia, vaginal prolapse, and failure dl, and IMIF results were negative. of cervical dilation) was diagnosed in 6 cases (Table Abortion due to infection with Coxiella burnetti was 1). All laboratory tests were negative, and IgG condiagnosed in 1 fetus (Table 1) . Histologically, there was centrations in fetal fluids were <30 mg/dl. a necrotizing and suppurative placentitis, and chori-Thirty-three fetuses were diagnosed as idiopathic abortions (Table 1 ). In 6 of these fetuses, a purulent placentitis and/or bronchopneumonia was identified microscopically. Although these changes were consistent with bacterial abortions, microbiologic procedures were negative. No significant gross or microscopic changes were identified in 27 fetuses. Two fetuses had slightly elevated IgG levels (35 and 40 mg/dl). All other laboratory tests, including Chlamydial and toxoplasmal serology, were negative.
Discussion
Chlamydial infection of ovine fetuses resulted in a specific immune response that was detected with the IMIF procedure. Fetal Chlamydiae-specific antibodies were first identified 24 days after experimental infection. The immune response to Chlamydiae increased with the maturity of the fetus and duration of infection. Late-term fetuses infected with Chlamydiae for more than 30 days consistently had IMIF titers ≥ 1:64. The negative IMIF results from fetuses aborted as a result of other causes indicated that this test was specific for Chlamydiae.
Ovine fetal Chlamydial antibodies were not detected with the complement fixation test. This test detects antibodies to lipopolysaccharide, the genus-specific antigen to Chlamydiae. [37] [38] [39] In contrast, the IMIF test, which uses whole C. psittaci organisms, also detects species-and strain-specific protein antigens. Ontogenic studies have shown that the type of antigen influences the degree of the fetal immune response and the gestational age at which fetal antibodies develop. 33, 34 Perhaps the immune response of the ovine fetus to chlamydial lipopolysaccharides is weak and/or develops late in gestation. Alternatively, ovine fetal antibodies may not fix complement.
The immunoglobulin concentrations in fetal fluids and serum were similar to those previously reported 9, 16, 25, 26 The markedly elevated levels of IgG in fe-. tuses infected with T. gondii and C. psittaci confirmed that these agents induced a strong immunologic response. 5, 9, 16, 25, 26 Lymphoid hyperplasia, which was a common finding in late-term fetuses infected with chlamydiae, was further evidence of an intense immune response. Accordingly, there was a positive relationship between the levels of IgG and the titer of chlamydiae-specific antibodies. Although a large portion of the fetal immune response was directed against chlamydiae, the possibility that part of the response might be against other antigens released from the inflamed placenta and/or the result of polyclonal B cell activation cannot be ruled out. 7.
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